Background: Previous studies demonstrated a significant association between the albuminglobulin ratio (AGR) and various types of cancers. The aim of this study was to evaluate the prognostic value of preoperative AGR in patients with early-stage non-small cell lung cancer (NSCLC). Methods: Patients diagnosed as NSCLC in a single center between January 1, 2014 and February 29, 2016 were retrospectively reviewed. AGR was defined as the ratio between the serum albumin level and the serum globulin level. Receiver operating characteristics analysis was performed to determine optimal cutoff values. Overall survival (OS) and disease-free survival (DFS) were clinical outcomes of our study. Univariate and multivariate Cox regression analyses were used to identify independent prognostic factors, and the KaplanMeier method was used to estimate survival curves. Results: A total of 279 early stage NSCLC patients were enrolled in our study with the median follow-up of 39 months (range 1-56 months). The statistical analyses manifested that the age (hazard ratio (HR)=1.045, 95% confidence interval (95% CI): 1.010-1.081, P=0.011) and AGR <1.51 (HR=3.424, 95% CI: 1.600-7.331, P=0.002) were independent prognostic factors for OS; larger tumor (HR=1.211, 95% CI: 1.011-1.450, P=0.038) and AGR <1.51 (HR=2.177, 95% CI: 1.052-4.508, P=0.036) were significantly associated with decreased DFS. Conclusion: The current research reported that the preoperative AGR was an independent prognostic factor for both OS and DFS in early NSCLC, and patients with AGR <1.51 were more likely to have a poor prognosis.
Introduction
Lung cancer remains the leading cause of cancer-related death in the world and non-small cell lung cancer (NSCLC) accounts for 85% of lung cancer. 1 In 2015,
there were approximately 221,200 newly diagnosed lung cancer cases and 158,400 died of this malignancy in the United States. 2 With the advances in the diagnostic methods of NSCLC, early-stage patients are far more than before, and there are already more patients in the early stage than in the advanced stage in our center. Previous studies revealed that many clinical and laboratory factors were significantly associated with clinical outcomes of lung cancer such as gender, age, smoking history, body mass index (BMI), baseline serum CEA value and abnormally elevated lactate dehydrogenase, [3] [4] [5] [6] [7] and increased evidence demonstrated that both the body nutritional status and chronic inflammation played an important role in the prognosis of several kinds of cancers including NSCLC. [8] [9] [10] [11] [12] [13] Albumins and globulins are the main components of serum proteins. Albumins reflect the nutritional status of the human body, and some investigators have proved that hypoalbuminemia is an independent risk factor of survival in several cancers including gastric, colorectal, breast and lung cancers. [8] [9] [10] Globulin family consists of alpha, beta, and gamma globulins and globulin plays a crucial role in immunity and chronic inflammation. 10, 11 A number of studies manifested that high inflammatory parameters such as alpha and gamma globulins were associated with significantly poor overall survival (OS) in cancer patient.- [14] [15] [16] [17] [18] Low albumin and high globulin are both independent prognostic factors of various cancers including NSCL. [14] [15] [16] [17] [18] [19] [20] However, the albumin and globulin levels can be interfered by many factors such as illness, dehydration and fluid retention, which limit their application and credibility in clinic. 21, 22 The albumin-globulin ratio (AGR = albumin/total protein-albumin) combines the two strong prognostic factors, nutrition status and systemic inflammation response; so, we hypothesized that this ratio may also have a high prognostic value. In the current study, for the first time, we aimed to evaluate the prognostic value of serum AGR in early NSCLC.
Material and methods

Study design
This is a retrospective study from a single center.
Patients
Patients diagnosed as early-stage NSCLC in the same medical group of the Department of Thoracic Surgery, West China Hospital, between January 1, 2014 and February 29, 2016 were assessed. The diagnoses of NSCLC were confirmed pathologically by bronchoscopic biopsies, CT-guided needle specimens or surgically resected specimens. The inclusion criteria were as follows: 1) patients were histologically diagnosed as NSCLC; 2) patients were in tumor-node-metastasis (TNM) stage I or II based on the 7th TNM classification of lung cancer by the Union for International Cancer Control (UICC); 3) patients received thoracoscopic radical lung resection; 4) patients received the biochemistry test within 1 week before the surgery; 5) patients had normal liver function. The exclusion criteria were as follows: 1) patients received neoadjuvant therapy; 2) patients received another surgery within 3 months preoperatively; 3) patients with detectable hematology diseases, liver diseases, inflammatory or infectious diseases; 4) transfusion of albumin or globulin preoperatively; 5) recurrent tumors; 6) combined with other tumors; 7) data incomplete or could not be obtained.
Data collection
We extracted clinicopathologic data of all patients from the medical records, including the gender, age, smoking history, BMI, preoperative comorbidity, preoperative lung function representing by forced expiratory volume in one second (FEV1), forced vital capacity (FVC) and FEV1/ FVC, tumor location, size, histology, resection type, TNM stage and laboratory data.
Definition of the preoperative AGR and endpoint events
The AGR was defined as the ratio between the preoperative serum albumin level and globulin level. OS and disease-free survival (DFS) were end points of our study. OS was defined as the interval from the date of surgery to the date of death caused by any causes or the date of the last follow-up. DFS was defined as the interval from the date of surgery to the date of recurrence, metastasis or last follow-up. We obtained the follow-up information from out-patients clinic records or telephone contacts. 
Statistical analysis
Results
Basic patient characteristics
We included a total of 279 early-stage NSCLC patients in accordance with the inclusion criteria and exclusion criteria, with a median follow-up of 39 months (1-56 months). Detailed patient selection process is shown in Figure 1 .
Basic patient characteristics are presented in Table 1 . Among the 279 early-stage NSCLC patients, 145 patients were male, the mean age of all patients was 62.16 years and 124 patients were current or ex-smokers. A total of 128 patients had at least one kind of preoperative comorbidities including hypertension, diabetes mellitus, chronic obstructive pulmonary disease (COPD), coronary heart disease and emphysema. One hundred and one cases were located at the left and 194 cases were adenocarcinomas which accounted for the majority. One hundred and ninety patients received lobectomy, and the number of patients in TNM stage I and II were 246 and 33, respectively.
The optimal cutoff values according to ROC curves
The cutoff value of the AGR for predicting OS was 1.51 (sensitivity of 69.1% and specificity of 67.0%, area under the curve (AUC) =0.698) (Figure 2A ). The cutoff value of the AGR for predicting DFS was also 1.51 (sensitivity of 57.1% and specificity of 64.1%, AUC =0.589) ( Figure 2B ).
Associations between the AGR and clinicopathologic characteristics
According to the optimal cutoff value of AGR, we divided 112 patients with AGR <1.51 into the low AGR group and 167 patients with AGR ≥1.51 into the high AGR group and then we compared differences of clinicopathological characteristics between the two groups ( Table 2 ). The preoperative AGR significantly correlated with the FEV1 (P=0.038), FVC (P=0.026), tumor size (P<0.001), TNM stage (P=0.011), albumin level (P<0.001) and globulin level (P<0.001). However, there was no significant association between the AGR and histological type (P=0.238).
Early stage non-small cell lung cancer (NSCLC) patients from january 1, 2014 to february 29, 2016 Did not receive surgery (n=10) Table 4 .
Postoperative OS based on the AGR
Patients with AGR <1.51 (P<0.001; Figure 3A ) were significantly associated with a poorer OS rate. Median OS in low AGR group was 37 months (mean ± SD, 36.99±12.22) compared with 45 months (mean ± SD, 43.37±8.57) in high AGR group (P<0.001).
Postoperative DFS based on the AGR
Patients with AGR ≥1.51 (P=0.001; Figure 4 ) were associated with a significantly improved DFS rate. Median DFS in patients with AGR ≥1.51 was 39 months (mean ± SD, 41.38±10.43) compared with 35 months (mean ± SD, 34.14±13.31) in patients with AGR <1.51 (P<0.001).
Discussion
In the current study, we testified the prognostic value of preoperative AGR in early NSCLC for the first time.
Patients with AGR <1.51 had worse OS and DFS. The results of multivariate analysis showed that AGR was an independent factor associated with OS and DFS. Besides AGR, age and tumor size were demonstrated to be independent prognostic factors for OS and DFS, respectively. Serum albumins account for the largest proportion of serum proteins and play an important role of the human body by maintaining the colloid osmotic pressure of blood, acting like transporters and binding fatty acids, hormones, pharmaceuticals and cations. 20, 22 It is produced by the liver and one of the indicators of liver function evaluation (Child-Pugh). 23 Previous research showed that lower albumin levels indicated worse nutrition status and clinical outcomes of several types of cancers. [24] [25] [26] [27] Besides, albumin plays a crucial role in the drug delivery in chemotherapy which is one of the mechanisms that albumin affects the prognosis of cancer patients. 28, 29 However, the albumin level can be interfered by many factors such as illness, hepatic insufficiency, stress and changes of body fluid volume; so, it failed to be widely applied to predict prognosis of cancer patients in the clinic. Globulins are calculated by the formula (total serum protein-albumin) and have been proven to be related with immunity and chronic inflammation. 22 They contain a large amount of immunity-related proteins such as C- reactive proteins (CRP), immunoglobulins, interleukins, complements, etc. 20 The prognostic value of these inflammatory proteins has been verified in some research. Higher CRP level indicated worse survival in lung cancer and colorectal cancers, and C3 and C4 were proven to be negative predictors for survival in lung cancer. [30] [31] [32] Furthermore, a high level of immunoglobulins was an independent risk factor for poor prognosis of lung cancer patients. 32 Numerous studies manifested that the chronic inflammation played a vital role in tumor proliferation, metastasis and immune evasion involving all types of serum globulins such as the CRP, tumor necrosis factors, etc. 20, [29] [30] [31] [32] These serum globulins secreted by tumor-associated cells can promote tumor development, metastasis, angiogenesis and immunosuppres-sion. 20, [29] [30] [31] [32] Unfortunately, the level of globulin can also be interfered by various conditions, which limits its utility in predicting the prognosis of cancer patients. Instead of the absolute concentration of albumin and globulin, AGR is a ratio which combines the two indexes. We supposed that the AGR could demonstrate the prognostic effect in lung cancer mainly for the following two reasons. First, the low AGR is a combination of two significant predictive factors for adverse outcomes, low albumin and high globulin. Second, as we mentioned above, the levels of albumin and globulin can be affected by some conditions such as fluid retention and dehydration, but AGR would not be affected by these conditions. Therefore, we believed AGR was capable of evaluating outcomes of lung cancer patients.
A few studies have examined the prognostic value of AGR in lung cancer. 21, 22, 30 Yao et al manifested a significant connection between pretreatment AGR and advanced NSCLC. 21 In the study of Duran et al, low AGR was proved to be a valuable predictor of long-term mortality in lung adenocarcinoma. 22 Zhou et al reported that the AGR <1.29
was an independent risk factor of worse OS in small-cell lung cancer patients. 30 However, none of them focused on earlystage NSCLC. Therefore, we designed the present research to explore the correlation between the AGR and prognosis in early NSCLC, and we reported that the AGR <1.51 was associated with significantly worse OS and DFS in earlystage NSCLC patients.
The most important clinical significance of our study is that the preoperative AGR may not only assess the risk of Abbreviations: DFS, disease-free survival; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; TNM, tumor-node-metastasis; AGR, albumin-globulin ratio.
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Overall survival early-stage NSCLC patients but also assist the decisionmaking for therapeutic schedules. In detail, compared with limited stage NSCLC patients with high pretreatment AGR, patients with low preoperative AGR should be treated more actively and the neoadjuvant or postoperative adjuvant therapy may be more beneficial and adaptable for these patients under the same conditions. Meanwhile, preoperative therapies for the inflammation response and nutritional status may improve outcomes of early-stage NSCLC patients. However, these recommendations or opinions still need to be further evaluated. There were several limitations in our research. First, this is a retrospective study from a single center, so large-scale prospective studies are still needed to verify our findings. Second, we determined 1.51 as the optimal cutoff value of AGR and the critical values in previous studies ranged from 0.90 to 1.93, 33 which meant 1.51 may not be the most suitable cutoff value to predict prognosis of early NSCLC. Third, the follow-up period in our study was a bit short, and so we failed to calculate the five-year survival rate among the study population. Fourth, due to the lack of external data, we were unable to design a validation group to verify our findings.
P<0.001
In conclusion, our study first reported the correlation between the preoperative AGR and prognosis of early NSCLC. Preoperative AGR was significantly associated with OS and DFS of early-stage NSCLC patients and superior to the albumin and globulin in predicting prognosis. The role of AGR in the estimation of clinical outcomes still needs to be verified with more large-scale prospective research.
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